The continuing spread of drug-resistant tuberculosis (TB) is one of the most urgent and difficult challenges facing global TB control. Patients who are infected with strains resistant to isoniazid and rifampicin, called multidrug-resistant (MDR) TB, are practically incurable by standard first-line treatment. In 2012, there were approximately 450,000 new cases and 170,000 deaths because of MDR-TB. Extensively drug-resistant (XDR) TB refers to MDR-TB strains that are resistant to fluoroquinolones and second-line injectable drugs. The main causes of the spread of resistant TB are weak medical systems, amplification of resistance patterns through incorrect treatment, and transmission in communities and facilities. Although patients harboring MDR and XDR strains present a formidable challenge for treatment, cure is often possible with early identification of resistance and use of a properly designed regimen. Community-based programs can improve treatment outcomes by allowing patients to be treated in their homes and addressing socioeconomic barriers to adherence.
ven though tuberculosis (TB) is a treatable infectious disease, an estimated 1.3 million people died from TB in 2012 (WHO 2013a). One of the major reasons is that TB continues to evolve resistance to drugs. For patients with drug-susceptible TB, standard treatment based on isoniazid and rifampicin, the two most powerful drugs, results in excellent cure rates. Patients who are infected with strains resistant to isoniazid and rifampicin, called multidrugresistant (MDR) TB, are practically incurable by standard first-line treatment (Fig. 1) .
Today, the continuing spread of MDR-TB is one of the most urgent and difficult challenges facing global TB control. In 2012, there were approximately 450,000 new cases of MDR-TB and 170,000 deaths. Globally, MDR-TB is present in 3.8% of new TB patients and 20% of patients who have a history of previous treatment. The highest MDR rates are found in countries of Eastern Europe and central Asia, where MDR strains threaten to become as common as pan-susceptible strains. In some countries, MDR strains account for up to 20% of new TB cases and well over 50% of patients with a history of previous TB treatment. In 2011, Minsk, Belarus reported that 35% of new patients had MDR-TB, as did 75% of those who had been treated previously for TB (Skrahina et al. 2012 ).
Equally worrisome rates have emerged from China and India, which have the highest and second-highest number of MDR-TB patients in the world. In 2012, the China Centers for Disease Control and Prevention reported that 10% of China's 1.4 million TB patients had MDR-TB, and the great majority of MDR-TB patients had never been treated for TBevidence of unfettered human-to-human transmission (Zhao et al. 2012) . MDR-TB is also a growing problem in South Africa, where high rates of HIV (human immunodeficiency virus) have exacerbated both the spread and deadliness of MDR-TB, raising the specter of a "perfect storm" of MDR-TB/HIV coinfection (Wells et al. 2007 ). In clinical practice today, the possibility of unsuspected drug resistance must always be considered when evaluating a TB patient in any country (Box 1).
In 2006, the term extensively drug-resistant TB (XDR-TB) was coined to describe strains of MDR-TB resistant to fluoroquinolones and second-line injectable drugs. It is estimated that 9.6% of MDR-TB cases worldwide have XDRPercentage of cases 0-2.9 3-5.9 6-11.9 12-17.9
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Figure 1. Percentage of new TB cases with MDR-TB (WHO 2013a).
BOX 1. TYPES OF DRUG-RESISTANT TB (WHO 2013b) (TYPES ARE NOT MUTUALLY EXCLUSIVE)
Monoresistance: Resistance to one first-line anti-TB drug only. Polydrug resistance: Resistance to more than one first-line anti-TB drug, other than both isoniazid and rifampicin. Multidrug resistance (MDR): Resistance to at least both isoniazid and rifampicin. Rifampicin resistance (RR): Resistance to rifampicin detected using phenotypic or genotypic methods, with or without resistance to other anti-TB drugs. It includes any resistance to rifampicin, whether monoresistance, multidrug resistance, polydrug resistance, or extensive drug resistance. Extensive drug resistance (XDR): Resistance to any fluoroquinolone, and at least one of three second-line injectable drugs (capreomycin, kanamycin, and amikacin), in addition to multidrug resistance.
TB (WHO 2013a) . Because access to secondline drug susceptibility testing (DST) is poor in many areas of the world, XDR-TB often goes unrecognized. Although patients harboring MDR and XDR strains present a formidable challenge for treatment, cure is often possible with early identification of resistance and use of a properly designed regimen.
CAUSES OF DRUG RESISTANCE
Drug resistance is a biological phenomenon that has been observed in Mycobacterium tuberculosis since the discovery of the first anti-TB drug, streptomycin. Many patients who were injected with streptomycin were brought from the brink of death and their sputum became temporarily clear of M. tuberculosis. But despite continuing to receive treatment, they soon began to excrete bacilli that were resistant to streptomycin in the laboratory (Pyle 1947) .
With the advent of new drugs-thioacetazone and para-aminosalicylic acid in 1948 and isoniazid in 1952-it became clear that combination chemotherapy was the key to preventing the development of resistance. Initial combination regimens required 18 mo of treatment, but the invention of rifampicin in 1957, the most powerfully sterilizing anti-TB drug, paved the way for development of the shorter and more effective isoniazid-and rifampicin-containing regimens known as short-course chemotherapy. As part of the global TB control strategy called DOTS (directly observed treatment, shortcourse), these regimens became the standard of care even in resource-limited settings starting in 1993.
Outbreaks of MDR-TB were initially thought to be driven by nosocomial transmission, particularly among HIV-positive patients. One of the largest and best-documented outbreaks occurred in New York in the late 1980s and early 1990s (Frieden et al. 1993; Frieden et al. 1995) . As DST laboratory capacity improved in resource-limited settings and global drug-resistant TB surveillance efforts grew, it became clear that MDR-TB was increasingly common throughout the world and a growing threat to the general public health. The causes of the global spread of MDR-TB include the following: † Chaotic treatment. Before the late 1980s, many countries were not using standard protocols for the treatment of TB and did not have systems in place to support patients. Furthermore, in many settings, TB treatment was not provided for free, contributing to poor adherence. Even today, drug-resistant TB can be created very quickly during times of socioeconomic instability if there are stockouts of anti-TB drugs or other structural weaknesses in the health care system. † Amplifier effect of short-course chemotherapy. Once drug resistance has been created, the DOTS strategy can paradoxically exacerbate the problem. In Figure 2 , the initial strain has polydrug resistance, but, as a result of repeated use of short-course chemotherapy, it becomes resistant to all first-line anti-TB drugs (Seung et al. 2004 ). Amplification of drug resistance patterns through repeated courses of DOTS short-course chemotherapy continues to be a major driving force of the epidemic in many parts of the world that do not have the resources to diagnose or treat drug-resistant TB correctly (Keshavjee and Farmer 2012) . † Community transmission. In the early 2000s, it was believed that resistance mutations conferred a loss of fitness, so the transmission of resistant strains would be selflimited (Dye et al. 2002; Cegielski 2010 ). This has not turned out to be the case. Current models indicate that in most countries, the majority of MDR-TB patients were infected initially with an MDR-TB strain, rather than slowly acquiring resistance caused by inadequate or irregular treatment (Lin et al. 2011 ). † Facility-based transmission. Nosocomial transmission in busy, crowded hospitals and health centers is likely an important driver of the epidemic, especially in high HIV prevalence settings. This can result in the spread of drug-resistant strains among patients receiving therapy for drug-susceptible TB as well as to the health workers (Gelmanova et al. 2007 ).
DIAGNOSIS OF MDR-TB AND XDR-TB
DST is required for the definitive diagnosis of MDR-TB or XDR-TB. The traditional way to do this is through phenotypic (or culture-based) methods. M. tuberculosis is isolated from patient sputum and then tested for growth in the presence of anti-TB drugs. Culture-based methods can take weeks to months. They are also expensive and difficult to master, making them mostly unavailable in resource-limited settings. Genotypic (or molecular) methods have revolutionized the diagnosis of MDR-TB. These methods generally use polymerase chain reaction techniques to detect the genetic mutations that are known to confer resistance to drugs. Commercially available systems include GeneXpert System (Xpert MTB/RIF, Cepheid, USA), GenoType MTBDRplus and MTBDRsl assays (Hain Lifescience GmbH, Germany), and INNO-LiPA Rif.TB line probe assay (Innogenetics Inc., Belgium), but there are other systems in development. Molecular methods of DST give results much faster than culture-based methods. Some commercially available systems are almost fully automated and require little training. For these reasons, these systems are increasingly the method of choice for DST in resource-limited settings.
There is no "gold standard" for the diagnosis of drug resistance. Molecular testing may detect mutations that confer low levels of resistance that are not detected by culture-based testing but are still clinically significant. Molecular testing also cannot detect all of the mutations that are known to confer resistance to a drug. Nevertheless, it is not necessary to routinely confirm the results of molecular DSTwith culture-based DST, even though clinicians may choose to do so if the clinical picture warrants it. Specifically, a positive molecular test for rifampicin resistance can be considered diagnostic for MDR-TB, because in most countries, greater than 90% of rifampicin-resistant strains are also resistant to isoniazid.
A public health strategy of "universal DST," meaning testing all patients with active TB disease for drug resistance at the start of therapy, is certainly feasible in the near future because of the increasing availability of molecular DST. A WHO analysis determined that this would be a lifesaving and cost-effective strategy for any country with greater than 1% MDR-TB in new patients (WHO 2011a) .
At the current time, however, DST is not widely available in many countries so patients with risk factors for MDR-TB are prioritized for testing. Empiric treatment for MDR-TB can be considered if there is clear bacteriological evidence of failure to respond to treatment, such as persistently positive sputum smears after 4 mo of regular treatment with a first-line DOTS regimen (Chavez Pachas et al. 2004; Satti et al. 2013) . Household contacts of MDR-TB patients should also be started empirically on treatment if any delay in DST is anticipated (Box 2).
All patients diagnosed with MDR-TB should be tested for XDR-TB. This includes testing for resistance to the three second-line injectable drugs (kanamycin, amikacin, and capreomycin) and at least one fluoroquinolone. Laboratories with a capacity for second-line DST, however, are even less common than those with capacity for first-line DST. Patients who should be prioritized for second-line DST include those who have failed to respond to an MDR-TB treatment regimen containing an injectable and fluoroquinolone, and close contacts with an individual with documented XDR-TB or with an individual for whom treatment with a regimen including second-line drugs is failing or has failed. The GenoType MTBDRsl assays (Hain Lifescience GmbH, Germany) test for mutations in the gyrA gene, which confers resistance to fluoroquinolones, and in the rrs gene, which confers resistance to injectable drugs. This assay can be considered a "rule-in" test for second-line drug resistance, although it cannot reliably rule out XDR-TB when no genetic mutations are detected. Because the sensitivity and specificity of this assay are not well characterized, culture-based DST should be used as a confirmatory test.
TREATMENT MDR-TB treatment is difficult because the second-line TB drugs are mostly weak and toxic. Most of these drugs were developed decades ago but hardly ever used because of poor side effect profiles. Because of the weak sterilizing activity of the second-line TB drugs, MDR-TB treatment generally takes 18-24 mo. In the best treatment programs, which address socioeconomic barriers and aggressively manage side effects, cure rates of 60% -80% have been reported (Mitnick et al. 2003; Shin et al. 2006) . Globally, however, the cure rate for MDR-TB is much lower. In 2013, the WHO reported that only 48% of MDR-TB patients were cured. The global cure rate for XDR-TB is even lower: Only 20% are cured, and 44% die (WHO 2013a).
Anti-TB drugs have traditionally been divided into first-and second-line anti-TB drugs with isoniazid, rifampicin, pyrazinamide, ethambutol, and streptomycin being the primary first-line anti-TB drugs. In this review, we use the WHO system, which classifies the drugs into five different groups based on efficacy, experience of use, safety, and drug class. Drugs in the same group do not always come from the same drug class nor do they have the same safety profile or efficacy. Table 1 provides detailed information on each drug including the WHO group, dosage, side effects, and monitoring requirements.
In recent years, there has been considerable research devoted to developing new anti-TB drugs, with the goal of improving TB treatment. There are now two new purpose-built anti-TB drugs, the first in over 40 yr. Bedaquiline was conditionally approved by the U.S. FDA for the treatment of MDR-TB in December 2012. Delamanid was conditionally approved by the European Medicines Agency in November 2013. At least three additional new TB drugs are in late-phase clinical testing. These new drugs are likely to revolutionize the treatment of MDR-TB and XDR-TB. 
REGIMEN DESIGN
One of the most important steps in designing an MDR-TB regimen is taking a detailed history of past TB treatment. This is particularly important in patients who have received multiple treatment courses with first-or second-line anti-TB drugs, as there may be omissions or errors in the written medical record. As a general rule, any drug that has been used in a regimen that did not cure the patient should be considered unlikely to still be effective, even if a recent DST indicates that the patient's strain is still susceptible. For example, if the patient previously used ethambutol or pyrazinamide as part of a failed first-line regimen, neither of these drugs should be considered likely to be effective. All DSTresults should be compared carefully with the clinical history; DST can be incorrect like any laboratory test. Only DST to first-line anti-TB drugs, injectables, and fluoroquinolones is considered reliable. Laboratory resistance to pyrazinamide, ethionamide, or PAS, combined with a history of use in a failing regimen, however, strongly suggests the drug is ineffective.
At least four second-line anti-TB drugs likely to be effective should be included in the MDR regimen. All regimens should include a latergeneration fluoroquinolone such as levofloxacin or moxifloxacin (Johnson et al. 2006; Peloquin et al. 2008 ), a second-line injectable drug, and other oral second-line drugs as shown in Figure  3 (Mukherjee et al. 2004) . Pyrazinamide may also be included unless there is a contraindication (such a history of a drug allergy) or evidence that it is not likely to be effective against the patient's strain (a clear history of failing to respond to a pyrazinamide-including regimen and DST indicating resistance) (Mitnick et al. 2003) . Pyrazinamide is often routinely included in MDR regimens in resource-limited settings because DST to pyrazinamide is often not available. These recommendations are supported by a large meta-analysis of individual data from more than 9000 patients (Ahuja et al. 2012) .
Dosing of anti-TB drugs is based on the weight of the patient. For simplicity, commonly used dosing tables use only a few weight bands.
When adults gain weight or move into a higher weight band, drug doses should be adjusted. Even though anti-TB drugs are generally administered once a day to improve peak-dependent killing, many of the second-line anti-TB drugs have severe side effects that can be reduced by twice-daily divided dosing. For example, ethionamide and cycloserine are traditionally given in two divided doses to reduce side effects, but once-daily dosing is acceptable if tolerated.
In the case of XDR-TB, the same approach for designing a regimen may be used, with some important caveats. In chronic patients with a history of multiple failed courses of treatment, a minimum of four likely effective second-line anti-TB drugs may not be available. The XDR regimen may then include drugs that are resistant on DST but have never been used or drugs that have been used but are still susceptible on DST. Many clinicians will use a later-generation fluoroquinolone such as moxifloxacin despite documented resistance to an early generation fluoroquinolone such as ofloxacin.
If there is an injectable drug that is still likely to be effective, many clinicians will try to use it for a longer duration, such as 12 mo or even the entire duration of treatment. New drugs with demonstrated efficacy such as bedaquiline or delamanid should be strongly considered, as well as resective surgery in patients with localized disease.
According to provisional guidance from the United States Centers for Disease Control and Prevention (CDC) and WHO, bedaquiline may be used for MDR-TB patients in whom treatment options are limited (CDC 2013; WHO 2013c) . Bedaquiline should be added to a conventional MDR or XDR regimen designed as above. There are still many uncertainties about the risks and benefits of bedaquiline (Table 1) . Bedaquiline may be used to treat strains with XDR or fluoroquinolone resistance. Bedaquiline may also have a role when the injectable drug is causing toxicity (such as ototoxicity or nephrotoxicity) that requires its suspension or when there is resistance to all second-line injectable drugs. Bedaquiline should be administered within a program that has the capacity to closely monitor for side effects. Delamanid has no international recommendations or published drug insert at the time of this writing.
DURATION AND MONITORING OF TREATMENT
The injectable should be continued for at least 8 mo and at least 4 mo after the patient becomes culture-negative, whichever is longer. Clinicians may use an individualized approach that reviews the cultures, smears, X-rays, and clinical status to decide how long to continue the injectable. With respect to the duration of the injectable, however, the limiting factor is often toxicity. One option is intermittent dosing of the injectable. Many patients have less nephrotoxicity or otoChoose a drug based on DST and treatment history. Streptomycin is generally not used because of high rates of resistance in patients with MDR-TB.
Add a later-generation fluoroquinolone. If Ofx resistance is suspected or documented, use Mfx.
Add Group 4 drugs until the regimen has at least four second-line drugs likely to be effective (all three may be needed). Choice is based on treatment history and side effect profile. DST is not fully reliable for the drugs in this group.
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Group 1: Pyrazinamide Ethambutol
Group 5: Bedaquiline Linezolid Clofazimine Amoxicillin/clavulanic acid High-dose isoniazid lmipenem/cilastatin If there are not four second-line anti-TB drugs that are likely to be effective from Groups 2-4, add at least two Group 5 drugs.
toxicity if the injectable is given three times a week (e.g., Monday, Wednesday, and Friday) compared with daily. For this reason, some clinicians routinely choose to switch to an intermittent schedule after the patient becomes culture-negative even if there is no toxicity.
MDR-TB treatment should continue for a minimum of 20 mo and at least 18 mo after the patient becomes culture-negative, whichever is longer. Chronic patients with extensive pulmonary disease may require MDR-TB treatment for 24 mo or longer, but there is limited evidence about the optimal length of treatment for patients with XDR-TB.
The previous recommendations about the duration of the injectable and of treatment are supported by the meta-analysis of individual data from more than 9000 patients, but there is controversy about the optimal length of treatment. One study showed that a 9-mo treatment regimen was sufficient to affect cure in a small cohort of patients in Bangladesh (Van Deun et al. 2010 ). This particular regimen is currently the subject of a multisite clinical trial.
Sputum cultures should be performed monthly during treatment. Other symptoms and signs are important, but they cannot be relied on to determine treatment failure or cure. Programs with very limited culture capacity may consider doing smears monthly and cultures every other month after the injectable has been discontinued, but this may delay identification of treatment failure.
MANAGEMENT OF SIDE EFFECTS
Second-line anti-TB drugs have many more side effects than first-line anti-TB drugs. Side effects are expected as part of the normal course of treatment, and it is the responsibility of the clinician to diagnose and manage them. Mismanagement of side effects is the major reason why patients do not adhere or continue to take MDR-TB treatment.
Even before starting treatment, the patient should receive education regarding potential side effects. During treatment, patients should be evaluated regularly by a clinician. Community health workers can be trained to screen for side effects between clinical evaluations. Laboratory testing can be helpful in screening for some side effects; a typical monitoring schedule is shown in Table 2 . Mild side effects are common, and can be managed symptomatically with ancillary drugs without altering the treatment regimen. Side effects often diminish or disappear with time, allowing patients to finish their treatment without further problems. A number of second-line anti-TB drugs have highly dose-dependent side effects. With cycloserine and ethionamide, for example, a patient may be completely intolerant at one dose and completely tolerant at a slightly lower dose. Unfortunately, given the narrow therapeutic margins of these drugs, lowering the dose may also affect efficacy. Reducing the dose of these drugs should be performed only in cases in which the reduced dose is still expected to produce adequate serum levels and not compromise the regimen.
A poorly tolerated drug may be temporarily suspended. In patients with highly resistant TB, however, a satisfactory replacement drug may not be available. In such cases, permanent discontinuation of the drug should be avoided if possible. The decision to suspend any drug should be made by weighing the risk of continued side effects against the chances of curing a deadly disease. † Gastrointestinal distress is a common side effect of MDR-TB treatment, caused by PAS and ethionamide. Nausea and vomiting are common in early weeks of therapy but usually improve over time and with supportive therapy. † Nephrotoxicity is a known complication of the aminoglycosides and capreomycin. 
RESECTIVE SURGERY
Lung resection was once a mainstay of TB treatment but disappeared almost completely once effective chemotherapy was discovered. There has been a resurgence of interest in resective surgery as an adjunct to MDR-TB chemotherapy, which is much less effective. For patients with localized disease, resection of a lobe or a lung can significantly improve outcome (Pomerantz et al. 2001; Somocurcio et al. 2007 ). Experienced thoracic surgeons, stringent infection control measures, and excellent pre-and postoperative care are necessary; resective surgery for TB is often more complicated than for other diseases.
The most important indication for resective surgery is lack of a sustained bacteriological response to chemotherapy. Computerized tomography (CT) is the best way to assess if there is a localized lesion that is amenable to resection. Patients with bilateral cavitary disease, for example, would not be good surgical candidates. Pulmonary function testing with predicted postoperative forced expiratory volume in one second (FEV1) can be helpful to evaluate if the patient has sufficient pulmonary reserve postresection.
Another type of surgical candidate is those who have experienced culture conversion through chemotherapy, but who are thought to have a high probability of future failure or relapse caused by a high level of resistance. Surgical resection can also be considered for complications of MDR-TB, such as massive hemoptysis, empyema, or aspergilloma.
In patients who are smear-or culture-positive at the time of surgery, treatment is continued for minimum of 18 mo of negative sputum cultures, and generally includes an extended period of injectable. In patients who are smearand culture-negative at the time of surgery, treatment should be continued for a minimum of 18 mo after culture conversion and no less than 6 mo after surgery.
SPECIAL SITUATIONS Extrapulmonary MDR-TB
There is limited evidence about treatment of extrapulmonary MDR-TB. In general, every effort should be made to obtain tissue or fluid samples to confirm the diagnosis of MDR-TB, as the clinical or radiological picture may be deceptive. The length of therapy has not been clearly defined but should likely be at least as long as treatment for pulmonary MDR-TB. † MDR-TB osteomyelitis and spondylitis. 
Children
Most children with MDR-TB have been infected by someone in the same household . For this reason, careful investigation of family members is crucial. If it is difficult to collect a specimen from the child for laboratory analysis for whatever reason, the regimens can be designed based on the DST of the index case in the same household. Otherwise, the basic principles of regimen design for children with MDR-TB are no different than those for adults. Children generally tolerate second-line anti-TB drugs well. Pediatric formulations, however, do not exist for most drugs, and it is often necessary prepare adult formulations, for example, by splitting tablets (The Sentinel Project 2012; Garcia-Prats et al. 2013; Varaine and Rich 2013) .
Pregnant Women
Some second-line anti-TB drugs are known to cause birth defects. For this reason, all women of childbearing age should be strongly advised to use a reliable method of contraception during MDR-TB treatment. For pregnant women who are diagnosed with MDR-TB, the benefit of treating MDR-TB in pregnancy in most cir-cumstances outweighs the risks. Most patients should start treatment as soon as the diagnosis is made. Aminoglycosides can be particularly toxic to the developing fetal ear. Capreomycin may also carry a risk of ototoxicity but may be used if an injectable is absolutely necessary. Ethionamide is also usually avoided as it can increase the risk of nausea and vomiting associated with pregnancy, and teratogenic effects have been observed in animal studies. MDR regimens for pregnant women may be designed with three or four oral second-line anti-TB drugs plus pyrazinamide. The regimen can then be reinforced with an injectable and other drugs immediately postpartum. The risk of birth defects in MDR-TB treatment is highest in the first trimester of pregnancy, so the gestational age of the fetus should be carefully confirmed, preferably by dating using ultrasound. In rare cases, in which the mother does not accept the risks of the treatment and is clinically stable, treatment can be delayed until the second trimester.
HIV Coinfection
People living with HIV are vulnerable to MDR-TB infection and are at high risk of developing active MDR-TB once infected. HIV-positive patients often die while waiting for laboratory confirmation of MDR-TB and before starting effective therapy. This was best illustrated by the rapid and deadly spread of XDR-TB among HIV-positive patients in South Africa (Gandhi et al. 2006) . The WHO currently recommends Xpert MTB/RIF as the initial diagnostic test in settings with high prevalence of HIV-associated TB or MDR-TB (WHO 2011b). Early identification and prompt initiation of appropriate treatment can reduce mortality among HIV-infected patients infected with MDR-TB. ART improves survival in MDR-TB patients infected with HIV and should be started as soon as possible, as early as the first week after starting MDR-TB treatment. Stavudine and tenofovir are often avoided because of overlapping toxicities (neuropathy and nephrotoxicity, respectively) with second-line anti-TB drugs; nonetheless, cotreatment with ART is still challenging in most patients because of side effects and the high pill burden. HIV-positive patients seem to experience a higher incidence of side effects with second-line anti-TB drugs (Seung et al. 2009 ).
COMMUNITY-BASED CARE FOR MDR-TB
MDR-TB may be hospital-, clinic-, or community-based. These approaches may not be mutually exclusive, and in fact, they may all be used within the same program. In some settings, patients are hospitalized at the beginning of treatment to allow for more intensive monitoring of side effects, especially for patients who are physically debilitated. But in many countries, the lack of MDR-TB hospital beds becomes a bottleneck to scale-up. Mandatory hospitalization may also exacerbate nosocomial transmission of MDR-TB because in many settings, infection control measures are not adequate.
Many countries have moved to decentralize MDR-TB treatment to increase access. One common method is to provide DOTat a primary care clinic. This strategy can be quite physically and economically burdensome to the patient because it requires daily travel to the clinic, sometimes twice daily. This is especially true in rural areas where primary care systems are weak.
Community-based MDR-TB treatment allows patients to be treated in their homes. By providing a flexible and convenient solution, it promotes patient adherence and reintegration into family, social, and work life. It can be fully supervised by a nurse or community health worker during daily home visits. Communitybased care reduces cost in the health system and can be more cost-effective than hospital care, but in many ways, it is more challenging to implement. Each dose is administered under DOT, often through a system of a compensated, trained, and well-supervised nurse or community health workers.
Another important aspect of MDR-TB treatment is addressing socioeconomic determinants of health. Socioeconomic problems, including hunger, homelessness, and unemployment, are common among MDR-TB patients. These problems have been successfully tackled through socioeconomic interventions that in-clude the use of provisions in the form of "incentives" and "enablers." Incentives are rewards that encourage patients to adhere to treatment, such as food packages, whereas enablers are goods or services that make it easier for patients to adhere to treatment, such as transportation vouchers. Addressing socioeconomic barriers to adherence is a crucial part of successful MDR-TB treatment (USAID 2011).
CONCLUSION
The continuing spread of MDR-TB is one of the most urgent and difficult challenges facing global TB control. The main causes of the increasing spread of resistant TB strains are weak medical systems, amplification of resistance through incorrect treatment, and ongoing transmission in communities and facilities. New molecular methods of DST have revolutionized the diagnosis of MDR-TB, but they are still not widely available in resource-limited settings. Although patients harboring MDR and XDR strains present a formidable challenge for treatment, cure is often possible with early identification of resistance and use of a properly designed regimen. Community-based programs can improve treatment outcomes by allowing patients to be treated in their homes and addressing socioeconomic barriers to adherence.
